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Adverse effects and drug interactions of
medications commonly used in the treatment of
adult HIV positive patients

Rachel Heylen, Robert Miller

Introduction
Patients with advanced HIV disease com-
monly take a large number of medications that
are active against HIV, that treat or prevent
opportunistic infections and that prevent the
symptoms of HIV itself or those produced by
the other medications. Many of these medica-
tions have overlapping toxicities, and share the
same methods of elimination from the body,
leading to varied drug interactions.

This article seeks to highlight those drugs
that are used in HIV infected patients which
are most commonly associated with drug
interactions, the reasons for these interactions
and to help physicians and pharmacists make
decisions about which of the interactions are
clinically significant. By examining available
data on the toxicity, formulation and pharma-
cokinetics of these different medications charts
and explanatory notes have been compiled.

Pharmacodynamic Interactions (tables
1-4)
Additive toxicity One or a number of the
main side effects of the two drugs overlap and
can lead to increased toxicity. The classifica-
tion of this toxicity is denoted by a letter:

M-Myelotoxicity
P-Pancreatitis
N-Peripheral neuropathy
K-Nephrotoxicity
L-Hepatotoxicity
The clinical significance of this interaction

is as below.
Increased Serum Levels This is usually due to
inhibition of metabolism by the liver or excre-
tion via the kidneys, and can lead to increased
toxicity. The drug that has been affected is
indicated by the direction of the arrow (table
1). The clinical significance of this interaction is
described below.

Decreased Serum Levels This is often caused
by an increase in metabolism by the liver as a
result of the use of drugs which induce liver
enzymes such as rifampicin, or by a decrease
in the absorption of the drug from the gas-
trointestinal tract such as the bioavailability of
ketoconazole is reduced by the administration
of drugs which increase gastric pH. The clinical
significance of this interaction is as below.

Miscellaneous
Interactions that have been reported but which
do not fall under the above headings.

Clinical Significance
The interactions have been allocated to one of
four categories as follows:
?-unknown clinical significance This category
is used when there have been reports in the lit-
erature of an interaction but these are only
case reports or in vitro work or the conclusions
of these reports are conflicting. It also includes
drugs where an interaction may be expected
(from those reported with other members of
the same class of drugs etc) but no reports
have been found, this may be important for
drugs that have been recently released on to
the market.
!-take note This category is used when there
is evidence of an interaction but it is of theo-
retical interest rather than clinical importance
or it involves the fine tuning of dosing eg
reducing the dose of a relatively non toxic
medication in renal failure.
!!-use with caution This category is used
when there is evidence of an interaction, and it
is of clinical importance. Adjustments may
have to be made in doses of toxic medications
etc.
skull and cross-contraindicated The combi-
nation of drugs should be avoided where possi-
ble. This includes well documented
interactions that are clinically significant, com-
binations that are precluded by the manufac-
turer or combinations which share potentially
very serious side effects, for example nephro-
toxicity with co-administration of IV ampho-
tericin and IV pentamidine.

Antiretrovirals: Zidovudine (AZT),
didanosine (ddI), zalcitabine (ddC), and
stavudine (D4T) (Table 1)
These four medications are nucleoside ana-
logues which prevent viral replication by
either causing chain termination and/or block-
ing the reactive site of the enzyme reverse
transcriptase thus inhibiting retroviral cDNA
synthesis. They share some similarities in that
all are metabolised in infected cells to the
active triphosphate form. They are
metabolised to differing extents by the liver,
and both changed and unchanged drug is
excreted in the urine.

Pharmacokinetic interactions
Approximately 70% of zidovudine is metab-
olised in the liver by glucuronidation to 3-
azido-3-deoxy-5-D-glucopyranosyl thymidine.
Both changed and unchanged drug are excreted
in the urine by renal tubular excretion.' After
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Adverse effects and drug interactions of medications commonly used in the treatment of adult HIVpositive patients

oral administration of didanosine, 50% is
excreted via the kidneys by active tubular secre-

tion and glomerular filtration. The metabolism
of didanosine has not been evaluated in man.

Studies in dogs show that it undergoes exten-
sive hepatic metabolism.2 Zalcitabine is
excreted largely unchanged in the urine.' The
excretion of stavudine is divided between renal
and non renal routes, undergoing net renal
tubular secretion.4

Zidovudine has the greatest potential for
interactions with drugs that influence liver
metabolism. Many drugs have been suspected
of inhibiting the metabolism of zidovudine.5 In
an early study the concurrent use of paraceta-
mol (not in the table) with zidovudine was asso-

ciated with an increased incidence of
myelotoxicity,6 and a case of severe hepatotoxic-
ity has been reported.7 These were thought to
be caused by a pharmacokinetic interaction
between zidovudine and paracetamol, however
further research has not shown changes in the
pharmacokinetic parameters of the two drugs.89

Clarithromycin has been reported both to
reduce zidovudine concentrations and to have
no effect.'0 11 Similarly, serum levels of pheny-
toin have been reported to be both increased
and decreased when zidovudine is started.5
Methadone has been shown to increase the area

under the curve (AUC) of zidovudine in some

patients.'2 and In vitro and in vivo work which
has examined the effect of the azoles on zidovu-
dine metabolism, has shown a decrease in
metabolism of zidovudine to it's glucuronide.
The clinical significance of this remains uncer-

tain."3 Concomitant administration of
probenecid may inhibit the metabolism of
zidovudine to the glucuronide metabolite and
may also decrease the rate of excretion of
zidovudine and its metabolite."4 This may also
occur with didanosine and stavudine.'5 4

Rifabutin used as prophylaxis of
Mycobacterium avium-intracellulare (MAI) has
been shown to decrease zidovudine C.. and
AUC, and increase zidovudine clearance.'6 It is
likely that rifampicin would do likewise.
Few drugs have been reported to alter the

pharmacokinetics of didanosine, zalcitabine
and stavudine. Oral ganciclovir increases
plasma levels of didanosine by an unknown
mechanism.'7 The combination of IV ganci-
clovir and didanosine may increase the poten-
tial for pancreatitis but the reason for this has
not been elucidated.'8
The renal excretion of zidovudine, didano-

sine, zalcitabine and stavudine may be inhibited
by drugs that cause renal toxicity such as
aminoglycosides, IV amphotericin, foscarnet,
cidofovir and IV pentamidine. Dosage reduc-
tions are recommended by the manufacturers
for zidovudine, didanosine, and stavudine in
patients with renal impairment. The dose of
zalcitabine should also be reduced but neither
the degree of reduction nor information about
when this reduction should take place is avail-
able.

Didanosine is unstable at the pH found in
the stomach. Therefore it is supplied as a

chewable/dispersible tablet with dihydroxyalu-
minium sodium carbonate, magnesium

hydroxide and sodium citrate as buffer to
increase the pH of the stomach and thus its
bioavailability. The presence of the buffer may
interfere with absorption of a number of drugs
by two different mechanisms. By increasing
the pH it may reduce the solubility and thus
absorption of acid soluble drugs eg dapsone,
ketoconazole, itraconazole, pyrimethamine,
trimethoprim and rifampicin.'9 Alternatively,
the aluminium and magnesium ions contained
in the chewable/dispersible tablet formulation
may bind (chelate) the drug molecules eg
ciprofloxacin, and tetracyclines (not in the
table) thus preventing their absorption.2 To
reduce the effect of didanosine on the absorp-
tion of other drugs they should be adminis-
tered at least 2 hours apart.

Pharmacodynamic interactions
The most frequent adverse effects after
chronic use of zidovudine are related to bone
marrow toxicity and result in anaemia and
neutropenia. Those of didanosine and zal-
citabine are peripheral neuropathy and pan-
creatitis. Zalcitabine has also been reported to
cause thrombocytopenia in approximately 4%
of patients. The major dose limiting toxicities
of stavudine are peripheral neuropathy and
increased hepatic transaminases.4 The com-
bined use of ganciclovir and zidovudine has
been reported to be poorly tolerated in
patients with HIV and serious cytomegalovirus
(CMV) disease. In one study 82% of patients
on this combination developed severe to life
threatening haematological complications.20
Zidovudine should be stopped whilst patients
are receiving high dose intravenous ganci-
clovir. It may be reintroduced (generally at a
lower dose) when the dose of ganciclovir is
reduced, or the patient is transferred to the
oral formulation.
The combination of foscarnet with zidovu-

dine is haematologically better tolerated than
that of ganciclovir and zidovudine. However,
one small study has reported increased trans-
fusion.requirements in patients receiving both
zidovudine and foscarnet. This occurred
mainly during the treatment period.2' Care
should be taken with other drugs reported to
cause haematological toxicity (see table 1,
opposite page).

Drugs that cause peripheral neuropathy
should be used with caution in combination
with didanosine, zalcitabine, or stavudine and
drugs that cause pancreatitis in combination
with didanosine and zalcitabine. If this is not
possible in an acute clinical situation, then the
antiretroviral medication should be stopped
whilst treatment is taking place and restarted
after a one-to-two week wash out period.22 If
chronic treatment is required the patient
should be closely monitored for clinical and
biochemical signs of pancreatitis or peripheral
neuropathy.

Miscellaneous
Zidovudine and Aciclovir There is a single
report of a patient who whilst receiving intra-
venous aciclovir for the treatment of herpes
simplex infection experienced severe lethargy
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Adverse effects and drug interactions of medications commonly used in the treatment of adult HIVpositive patients

and fatigue on initiation of zidovudine. These
symptoms resolved when the aciclovir was
stopped.23 In practice zidovudine and aciclovir
are frequently used together without this prob-
lem being encountered.

Zidovudine and pyrimethamine andpyrimetha-
minelsulphadiazine Zidovudine has been
found to antagonise the toxoplasmocidal effect
of a low concentration of pyrimethamine in
vitro, and in vitro synergism between
pyrimethamine and sulphadiazine against
Toxoplasma gondii is reversed by zidovudine.
Zidovudine also antagonises the therapeutic
effect of pyrimethamine in mice acutely
infected with Tgondii. The clinical significance
of this finding is unclear.24

Zidovudine and stavudine In cell cultures
zidovudine inhibits the phosphorylation of
stavudine, while stavudine has no effect on the
phosphorylation of zidovudine. This finding
may potentially influence the decision to use
stavudine and zidovudine as combination
therapy for HIV infection.25

Zidovudineldidanosine and ganciclovir In
vitro work has suggested that ganciclovir
antagonises the anti-HIV effect of zidovu-
dine/didanosine.26

Didanosine and drugs with a low bioavailabil-
ity such as atovaquone and oral ganciclovir The
buffer in didanosine may induce diarrhoea in
some patients. In patients taking drugs with a
low bioavailability this may reduce absorption
and make the medication ineffective.27

Antifungal medication: amphotericin,
ketoconazole, itraconazole, fluconazole
and flucytosine (Table 2 see opposite
page)
Antifungal medications are widely used in the
treatment of the HIV positive patient. Severity
of infection ranges from superficial oral can-
dida to cryptococcal meningitis and pul-
monary aspergillosis. The sensitivity of the
organism, site of infection, drug toxicity and
interactions will often dictate the choice of
therapy to be used. Amphotericin, although
extremely nephrotoxic is the treatment of
choice in severe infections.

Pharmacokinetic interactions
Ketoconazole, and itraconazole share many of
the same interactions. They require an acid
environment for optimal absorption, are exten-
sively metabolised in the liver and excreted
almost exclusively in the faeces and the urine.
In contrast the absorption of fluconazole is
unaffected by gastric pH and it is minimally
metabolised, with 80% being excreted
unchanged in the urine. Fluconazole is the only
azole for which dose reduction is necessary in
renal impairment and care needs to be taken
with nephrotoxic drugs.

All three azoles inhibit the cytochrome P450
liver metabolising isoenzyme CYP3A4 leading
to increased serum levels of many drugs (see
table 2).28-31 Concurrent administration of
azoles with astemizole, terfenadine and cis-
apride is contraindicated following reports of
prolongation ofthe QT interval and fatalities.2932

Phenytoin toxicity has been observed when flu-
conazole was added to patients' treatment regi-
mens.33
The metabolism of ketoconazole, itracona-

zole, and fluconazole is accelerated by drugs
which induce liver enzymes such as rifampicin,
rifabutin, phenytoin etc. Almost negligible
serum levels of itraconazole have been reported
in a patient taking concurrent rifampicin and
itraconazole,3435 and poor treatment outcomes
and clinical relapse have been reported in
patients taking fluconazole and rifampicin.3637
Carbamazepine and phenobarbitone have also
been shown to induce itraconazole metabo-
lism.38 Isoniazid decreases plasma levels of
ketoconazole and so may possibly have the
same effect on itraconazole levels.39
The absorption of ketoconazole and itra-

conazole is reduced as the pH of the stomach
increases. In a study comparing the absorption
of ketoconazole and fluconazole in patients
receiving intravenous cimetidine, in order to
titrate their stomach acid to pH 6.0 and above,
there was a dramatic effect on the disposition of
ketoconazole. Reductions of 90% in AUC and
maximum concentrations were seen.40 The dis-
position of fluconazole was unaffected. To
increase the solubility and thus absorption of
ketoconazole and itraconazole patients are
advised to take them with an acidic carbonated
beverage eg lemon and lime carbonated drinks,
carbonated water or cola.4' Any drug which
increases gastric pH including didanosine,
should be taken at least two hours after keto-
conazole or itraconazole, and where possible
they should be taken with or after food (except
for itraconazole liquid which contains a buffer
and is better absorbed in a fasted state).

Flucytosine is excreted mostly unchanged in
the urine. It is extremely myelotoxic and toxicity
is related to serum levels. Serum levels must be
monitored closely especially when it is being
used in combination with a nephrotoxic agent
eg amphotericin.

Pharmacodynamic interactions
The main toxicities of amphotericin are fever
and chills on administration, abnormal renal
function, hypokalaemia and hypomagnesaemia.
Acute liver failure, normochromic normocytic
anaemia, thrombocytopenia, leucopenia and
other haematological abnormalities have also
been reported. The use of amphotericin with
other nephrotoxic drugs should be avoided
wherever possible or if this is not possible it
should be used with extreme caution (see table
2). Acute, rapidly progressive, renal failure has
been documented with the simultaneous use of
IV amphotericin and IV pentamidine.42
The main toxicities of the azoles are rash and

elevations of liver function tests. Unless abnor-
mal liver function tests are present the use of
azoles with other potentially hepatotoxic drugs
is not precluded. There is a possible interaction
between alcohol and ketoconazole (see under
miscellaneous).
As flucytosine is extremely myelotoxic, its

use with other myelotoxic drugs should be
avoided. If this is not possible eg the use of
flucytosine with cytotoxic drugs, or IV ampho-
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Adverse effects and drug interactions of medications commonly used in the treatment of adult HIVpositive patients

tericin, close monitoring of the patient's
haematological parameters is necessary.

Miscellaneous
Amphotericin and corticosteroids The combined
use of IV amphotericin and corticosteroids
may exacerbate the renal potassium loss
caused by amphotericin.43

Amphotericin and azoles There is a theoreti-
cal interaction between amphotericin and
azoles. Azoles inhibit ergosterol synthesis and
thereby eliminate the target for the activity
of amphotericin. The clinical significance of
this interaction has not yet been clearly
defined.445

Ketoconazole and alcohol Exceptional cases
of a disulfiram-like reaction to alcohol charac-
terised by flushing, rash, peripheral oedema,
nausea and headache have been reported. All
symptoms resolved completely within a few
hours.39

Mycobacterial drugs: rifampicin,
rifabutin, clarithromycin and
azithromycin (Table 3 see opposite page)
Combinations of these drugs are used to treat
both Mycobacterium tuberculosis (TB) and dis-
seminated MAI infections.

Pharmacokinetic interactions
Rifampicin and rifabutin are derivatives of the
rifamycin molecule. Both are hepatically
metabolised. Metabolic products are princi-
pally excreted in bile and to a lesser extent in
urine. The dose of rifampicin does not have to
be reduced in patients with renal impairment,
but the dose of rifabutin should be reduced if
the creatinine clearance falls below 30ml/min.
Both drugs induce liver enzymes resulting in
the accelerated metabolism of other hepatically
metabolised drugs (see table 3), the effect of
rifampicin being greater than that of rifabutin.
The effects of enzyme induction may be seen
within a few days, but maximal induction takes
more than a week to occur.
The effect of rifampicin on the metabolism

of azoles (see above), corticosteroids, clar-
ithromycin, dapsone, methadone, the oral con-
traceptive, phenytoin and warfarin (not in
table) are clinically very important. For exam-
ple; it is recommended that the dose of corti-
costeroids be doubled in some instances.46 It is
reported that prophylaxis of Pneumocystis
carinii pneumonia with dapsone failed because
of the interaction with rifampicin47 and serum
levels of phenytoin, and the clinical effective-
ness of warfarin and the oral contraceptive are
reduced.4849 Rifampicin increases the rate of
metabolism of many opiates including
methadone and withdrawal symptoms may be
induced.50

In one prospective study, rifampicin, and to a
lesser extent rifabutin, were shown to signifi-
cantly reduce the mean serum levels of clar-
ithromycin.51 This has raised doubts as to the
effectiveness of this combination for the treat-
ment of MAI and further studies are required.
Clarithromycin in turn has been shown to
inhibit the metabolism of rifabutin leading to

an increased incidence of uveitis and neutrope-
nia. Fluconazole and potentially the other
azoles have also been shown to increase plasma
levels of rifabutin.52-57

Clarithromycin and azithromycin are both
macrolide antibiotics. Clarithromycin is exten-
sively hepatically metabolised to its active
metabolite 14-hydroxy clarithromycin. The
half life of clarithromycin and its metabolite
are increased in the presence of renal impair-
ment, leading to the recommendation that the
dose is reduced in this situation. The propor-
tion of absorbed azithromycin that undergoes
hepatic biotransformation is unknown. Several
metabolites have been identified but these are
not thought to possess significant antimicrobial
activity. The primary route of azithromycin
elimination may be via the bile and faeces,
although transintestinal elimination has also
been proposed as a primary route of elimina-
tion. Less than 6% of a dose of azithromycin is
recovered in the urine within one week of
administration.58
The mechanism of the inhibition of hepatic

cytochrome P450 enzymes by macrolide
antibiotics has been well documented.59
Clarithromycin shares many of the interactions
of erythromycin. It appears to inhibit the
metabolism of carbamazepine leading to
increased serum concentrations,60 it inhibits
the metabolism of the non-sedating antihista-
mines and cisapride increasing the risk of car-
diac arrhymias.6' The potential for other
interactions seen with erythromycin needs to
be borne in mind eg increased levels of digoxin
and theophylline, and enhanced clinical effects
of corticosteroids warfarin62 and vinblastine.63

In contrast to clarithromycin, azithromycin
has been shown to be relatively free of drug
interactions. It does not exhibit the interaction
with the non-sedating antihistamines and cis-
apride.61 However, the possibilities of interac-
tions should be considered as an increase in
neutropenia comparable to that which occurs
with clarithromycin was reported when
azithromycin was used in conjunction with
rifabutin.Y

Pharmacodynamic interactions
With all these drugs most frequently encoun-
tered side effects involve the gastrointestinal
tract, for example nausea and vomiting.

Rifampicin and rifabutin will stain body
secretions red/orange colour, rifabutin will also
stain the skin. Both have the potential to
increase liver enzymes, and to cause neutrope-
nia. High serum concentrations of rifabutin
increase the incidence of uveitis and are also
associated with a syndrome of arthralgia/
arthritis.52 57 In the treatment of TB abnormal
liver function tests, that may be rifampicin
induced, have been reported more commonly
in alcohol abusers, those aged > 35 years, the
malnourished or those with known hepatic dis-
ease. Care should be taken with the use of
rifampicin in these patients.65

Miscellaneous
Clarithromycin and zidovudine See under
zidovudine
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Adverse effects and drug interactions of medications commonly used in the treatment of adult HIVpositive patients

Antivirals: aciclovir, ganciclovir,
foscarnet, cidofovir and probenecid
(Table 4 see opposite page)
In HIV positive patients aciclovir is used for
the treatment and maintenance of herpes sim-
plex virus 1 and 2, and varicella zoster.
Ganciclovir, foscarnet, and cidofovir are used
mainly for the treatment and maintenance of
cytomegalovirus, but also have activity against
the herpesviruses.

Pharmacokinetic interactions
Aciclovir is slowly and incompletely absorbed;
its oral bioavailability is approximately
15-30%.66 In infected cells it is converted by
virus-encoded thymidine kinase to its mono-
phosphate derivative. Subsequent diphospho-
rylation and triphosphorylation are catalysed
by cellular enzymes. Aciclovir triphosphate
inhibits viral DNA synthesis by acting as a
substrate for viral DNA polymerases and pre-
venting further DNA chain elongation.
Aciclovir is minimally metabolised, and about
85% is excreted unchanged in the urine
through glomerular filtration and renal tubular
secretion. Drugs such as probenecid that
inhibit renal tubular secretion or resorption
may reduce clearance of aciclovir and thus
increase plasma concentrations. The dose of
aciclovir should be reduced in patients with
impaired renal function.

Ganciclovir shares the same enzymatic
changes and mode of action as aciclovir. It has
poor oral bioavailability with values of 3-4-6%
being quoted.67 Bioavailability may be
increased if ganciclovir is taken with food.68
Almost 100% of ganciclovir is excreted
unchanged in the urine. As with aciclovir
probenecid may increase plasma levels and so
the dose of ganciclovir should be reduced in
patients with impaired renal function.

Foscamet has very poor oral absorption, the
serum levels required for activity against CMV
and other herpesviruses may only be achieved
by intravenous administration. Renal clear-
ance accounts for most of the plasma clear-
ance, however, up to 20% of a cumulative
dose may have been deposited in bone 7 day
post infusion.69 The dose of foscarnet must be
reduced in patients with impaired renal func-
tion. As foscamet may cause nephrotoxicity
the doses of renally cleared drugs being used
concurrently with foscamet should be moni-
tored closely (see table 4).

Cidofovir is an acyclic nucleotide analogue.
Unlike aciclovir and ganciclovir it does not
depend on phosphorylation by viral nucleoside
kinases to exert its antiviral effect. Instead, the
drug is phosphorylated to its active form by
cellular enzymes. In vitro studies have sug-
gested that the resulting active metabolites are
cleared slowly from the intracellular space.
Approximately 90% of the intravenous dose
was recovered unchanged in the urine in 24
hours. It has been shown that active tubular
secretion played a significant role in the clear-
ance of cidofovir. The dose limiting toxicity of
cidofovir is nephrotoxicity. The concurrent
administration of probenecid has been shown
to ameliorate its effect on proximal tubular
cells, perhaps by decreasing the initial concen-

tration of cidofovir in the cortex of the kid-
ney.70 The dose of cidofovir must be reduced
in patients with impaired renal function
although there are few data available on which
to base decisions about dose reductions in
relation to specific creatinine clearances. As
cidofovir may cause nephrotoxicity the doses
of concurrently used renally cleared drugs
should be monitored closely (see table 4). As
cidofovir is always administered with
probenecid, it is important to consider
probenecid drug interactions (see table 4).

Pharmacodynamic interactions
Aciclovir is well tolerated. At high intravenous
doses aciclovir has been reported to crystalise
in the kidneys. Therefore care should be taken
with the use of other potentially nephrotoxic
drugs and the dose of aciclovir should be
reduced if nephrotoxicity occurs.
The dose limiting toxicities of ganciclovir

are neutropenia and thrombocytopenia. Care
should be taken in using ganciclovir with other
myelotoxic drugs as an increased incidence of
myelotoxicity has been reported with the con-
current use of zidovudine and ganciclovir (see
above).

Foscarnet and cidofovir are both nephro-
toxic. As with amphotericin (see above) con-
current use of other nephrotoxic drugs should
be avoided where possible.

Miscellaneous
Aciclovir and zidovudine See under zidovu-
dine

Combined use of aciclovir with ganciclovirlfos-
carnetlcidofovir This should not be required
as ganciclovir/foscarnet/cidofovir all have
activity against herpes viruses. Occasionally,
patients experience a break through of herpes
when on maintenance doses of these agents. If
this occurs aciclovir should be used in the nor-
mal manner.

Ganciclovir and imipenem (not in table)
Seizures have been reported with this combi-
nation (data sheet).

Ganciclovir and zidovudineldidanosine See
above.

Foscarnet and ciprofloxacin Seizures have
been reported with this combination.7'

Foscarnet and corticosteroids Amphotericin
and foscamet cause potassium depletion,
therefore from the interaction between
amphotericin and corticosteroids it follows
that corticosteroids may increase the potas-
sium depletion seen with foscamet.

Part 2 In the second part of this article the
newer anti retrovirals will be considered: indi-
navir, saquinavir, ritonavir and lamivudine
(3TC).
We acknowledge the help of Ms Sally Hibbert, Senior
Computer Services Technician, Pharmacy Departmnent, UCL
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of this manuscript.
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